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Description 

The present invention concerns a new pseudopoly- 
morph of paclitaxel, a pharmaceutical composition 
thereof, and Hs use as an antitumor agent Another 
aspect relates to preparation of this pseudopolymorph. 

Taxol® (paclitaxel) is a natural product extracted 
from the bark of Pacific yew trees, Taxus breyflfolia. It has 
been shown to have excellent antitumor activity in in vivo 
animal models, and recent studies have elucidated its 
unique mode of action, which involves abnormal polym- 
erization of tubulin and disruption of mitosis. It has been 
recently approved for the treatment of ovarian cancer; 
and studies involving breast, colon, and lung cancers 
have shown promising results. The results of paclitaxel 
clinical studies are reviewed by Rowinsky and Done- 
hower in The Clinical Pharmacology and Use of Arrtimi- 
' crotubule Agents in Cancer Chemotherapeutics N 
Pharmac. Then. 5235-84, 1991 ; and by K.C. Nicolaou 
et al. in "Chemistry and Biology of Paditaxer Angew. 
Qtom, lot, Ed, EnqL 33: 15-44, 1994, and also in the 
references cited therein. 

During our work directed at paclitaxel development, 
we discovered that paclitaxel can exist in at least two 
crystalline forms under ambient conditions. One form 
(coded Form A) is an anhydrous form and, to our knowl- 
edge, it is the only form reported in the literature to date. 
Form A is substantially anhydrous at 33% RH and 75% 
RH at room temperature. Another form (coded Form B) 
is a hydrated form heretofore unknown, and recently dis- 
covered serendipitously by our group Form B contains 
about 7.3% water at 33% RH and 8,5% water at 75% RH 
at room temperature pointing to being a tetrahydrate. 
Upon drying under vaccum at 25-50°C, the water content 
of Form B drops to about 3.5 to 4.0 % pointing to being 
a dihydrate. Thus, the present invention concerns a new 
pseudopolymorph (Form B) of paclitaxel. The invention 
further provides a pharmaceutical compositions of pacl- 
itaxel Form B, and its use as antitumor agent. 

The present invention concerns a new pseudopoly- 
morph of paclitaxel (Form B), a pharmaceutical compo- 
sition thereof, and its use as an antitumor agent. Another 
aspect relates to preparation of this pseudopolymorph. 

Figure 1 . XRD powder pattern of paclitaxel Form A. 

Figure 2. DSC curve of paclitaxel Form A 

Figure 3. Mid-IR spectrum of paclitaxel Form A. 

Figure 4. Expansion of the high frequency region of 
the IR spectrum of paclitaxel Form A pre- 
pared by the mineral oil mull technique. 

Figure 5. Mid-IR spectrum of paclitaxel Form A pre- 
pared by: (a) KBr pellet (b) mineral oil 
mull. 

Figure 6. XRD powder pattern of paclitaxel Form B. 
Figure 7. DSC curve of paclitaxel Form B. 
Figure 8. TG curve of paclitaxel Form B. 
Figure 9. DSC curve of paclitaxel Form B, heated 
at3°C/minute. 



Figure 10. Mid-IR spectrum of paclitaxel Form B pre- 
pared by the mineral oil mull technique. 

Figure 1 1 . Expansion of the high frequency region of 
the IR spectrum of paclitaxel Form B pre- 
s pared by the mineral oil mull technique. 

Figure 12. Mid-IR spectra of paclitaxel Form B pre- 
pared by (a) KBR pellet (b) mineral oil 
mull. 

10 Highly water insoluble crystalline paclitaxel (Form A) 
exists primarily as an anhydrate (sand-like crystals). It is 
substantially non-hygroscopic under normal laboratory 
relative-humidities (RH approximately 50-60%; 20- 
30°C). However, when contacted with moisture at very 

15 high relative humidities (90-1 00% RH) or as in aqueous 
suspensions, cfispersions or emulsions, the anhydrate 
(Form A) can (will) convert (as a function of time, tem- 
perature, agitation, etc.) to a thermodynamically more 
stable, pseudopolymorphic hydrated form containing 

20 about 2-4 moles of water. These hydrated crystals 
(coded as Form B) are of a fine, hair-like morphology and 
even less water soluble than the highly insoluble parent 
anhydrate counterpart, Form A. 

Form B can be readily prepared by dissolving Form 

25 A anhydrate in solvent as acetone, ethanol, acetonitrile, 
N,N-dimethytformamide, etc., and crystallization by 
addition to water. The water content of the Form B, after 
vacuum drying at 25°C, indicates a very strong probabil- 
ity for a dihydrate. There is evidence that a laboratory air- 

30 dried sample of the hydrate (RH=50%, T=25°C) 
appeared to be a tetrahydrate. However, vacuum drying 
at 25°C readily removes the 2-moles of labile water, 
yielding a stable dihydrate. 

The importance (chemical, physical, biological and 

35 especially patentability) of the hydrated paclitaxel Form 
B rests primarily (but not exclusively) in aqueous contact 
as suspensions, emulsions, etc. Here thermodynami- 
cally less stable anhydrate Form A can (will) convert to 
the Form B hydrate with changes in physical-chemical 

40 properties. Thus with dosage form work requiring aque- 
ous contact with paclitaxel (emulsions, suspensions, dis- 
persion, etc.), it is required that Form B be used. This 
eliminates any untoward Form A conversion to Form B. 
Thus, in at least water contacted dosage forms (and in 

45 many instances, dry fills) hydrated paclitaxel forms could 
be of much more importance than the thermodynami- 
cally less stable anhydrate (Form A) counterpart. Inevi- 
tably, the water contacted anhydrate (Form A) will 
convert, all or in part to a hydrated form. Thus a pre- 

50 formed hydrate is the paclitaxel form of choice at least in 
aqueous environments. Also, as a powder (bulk or in cap- 
sule or tablet, etc. formulations), paclitaxel anhydrate 
(Form A) could convert untowardly (partially or com- 
pletely) to a hydrated form as a function of the moisture 

55 present. 
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Characterization 

X-ray powder diffraction (XRD), differential scanning 
calorimetry (DSC), thermogravimetry (TG), and infrared 
(I R) spectroscopy were used to further characterize the s 
two forms. 

X-Rav Powder Diffraction 

X-ray powder diffraction patterns were collected on 10 
a Rigaku microdiffractometer, model PSPC-MPD. The 
powders were packed in 0.5 mm glass capillary tubes 
and were analyzed according to a standard method in 
the art The x-ray generator (Philips model XRQ 31000) 
was operated at 45 kV and 40 mA, using the copper Ka 15 
line as the radiation source. Each sample was rotated 
along the chi axis and data was collected between 0 and 
150 deg 2-theta A collection time of 3000 sec was used. 
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Moisture Uptake Rate 



20 



Measurements of differential scanning calorimetry 
and thermogravimetry were obtained on a DuPont model 
21 00 thermal analysis system. Approximately 3 mg sam- 
ples were accurately weighed into a DSC pan. The pans 25 
were hermetically sealed and a pinhole was punched 
into the pan lid. The use of the pinhole allows for pressure 
release, but still assures that the thermal reactions pro- 
ceed under controlled conditions. The samples were 
cooled to approximately 1 0°C and then heated at a rate 30 
of 10 o C/min, uptoafinal temperature of 300°C. TheDSC 
data were obtained following a standard method in the 
art. For TG determinations, approximately 10 mg of sam- 
ple were placed on the pan and inserted into the TG fur- 
nace. The samples were heated at a rate of 10°C/min, 35 
up to a final temperature of 200°C. The TG data were 
obtained using a standard method in the art. 



40 



The room temperature (RT) moisture uptake/loss 
rates were determined at 33%. 75%, and 100% relative 
humidity (RH) (in steps) on a Cahn Digital Recording Bal- 
ance fitted with a system to maintain and monitor relative 
humidity. The system consists of a glass tube enclosing 45 
the sample, a saturation chamber for salt solutions, a 
peristaltic pump to recirculate the saturated air, and an 
in-line chilled mirror dew point-%RH meter. The system 
is equilibrated to the desired %RH and sample is added 
through the access port. Samples were run until the so 
uptake rate leveled, the salt reservoir^ was changed and 
the experiment was resumed at the new relative humid- 
ity. This process was repeated as necessary for the 
absorption and desorption. 

ss 

Hot Stage Microscopy 

A MetUer model FP-80 controller with heating stage 
was used on a Wilde-Lietz polarizing light microscope. 



A few particles were placed on a glass slide and 
observed at 250X while heating at 10°C per minute. 

IR Spectroscopy 

Their IR spectra of paclitaxel were obtained by either 
the KBr pellet and/or mineral oil mull preparation tech- 
niques. 

Paclitaxel Form A 

The XRD, DSC, and IR curves of paclitaxel Form A 
are shown in Figures 1-5, respectively. 

The x-ray powder diffraction pattern for Form A (Fig- 
ure 1) shows a crystalline structure with major peaks at 
approximately 6.4. 9.8. and 13.2 deg 2-theta. The amor- 
phous background observed in the plot is due to the 
glass capillary tube holding the powder. 

The DSC curve of Form A (Figure 2) exhibits a melt- 
ing endotherm at approximately 223°C, with subsequent 
decomposition at approximately 245°C. The integrated 
melting endotherm has a heat of fusion (AH f ) of approx- 
imately 41 J/g. This behavior was confirmed with hot 
stage microscopy where the melting point was observed 
at214°C. 

The mid-IR spectrum of Form A is shown in Figure 
3. This spectrum was obtained by the mineral oil mull 
technique so that the crystal form would not be destroyed 
during sample preparation. In the high frequency region 
(Figure 4), a series of sharp absorption bands are noted 
at 3513, 3486, 3441. 3402 and 3309 cnn. A small 
absorption band is also noted at 3576 cm 1 - The band 
centered at 3309 cm~i is assigned as the N-H stretch, 
whereas the multiple bands from 3520 to 3350 cm~i are 
assigned to the various O-H moieties. 

The IR spectrum of the A form obtained by the KBr 
pellet technique and the mineral oil mull technique is 
shown in Figure 5. Comparison of the spectra obtained 
by the two techniques indicates that no differences in the 
absorption frequencies are noted between the two spec- 
tra This seems to indicate that the high pressure 
required to prepare the KBr pellet does not destroy the 
Form A character. 

Paclitaxel form A is crystalline and anhydrous based 
on the above data, and it picks up less that 1% moisture 
between 6 and 70% relative humidity but does sorb mois- 
ture at 100%RH. 

Paclitaxel Form B 

The XRD, DSC. TGA, and IR curves of the form B 
of paclitaxel are shown in Figures 6-12. One lot exhibited 
a moisture content of 7.36% (theoretical water content 
of tetrahydrate: 7.7%), as measured by TG. 

The x-ray powder diffraction pattern for paclitaxel 
Form B (Figure 6) shows a different pattern than 
observed for Form A. Several reflections present in Form 
A are absent in Form B (12. 13.2. 1 7.7, 25.8 deg 2-theta), 
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and several new reflections occur in Form B (12.6, 13.8, 
20.5). 

The DSC curve for Form B (Figure 7) exhibits several 
characteristic events. Beginning immediately after heat- 
ing, a broad endotherm peaking at approximately 60°C s 
is observed. A second partially resolved endotherm 
peaks at approximately 90°C. Both of these correspond 
to the approximately 7% weight loss (theoretical water 
content of tetrahydrate: 7.7%) observed in the TG curve. 
The next event is an endotherm at approximately 1 70°C 10 
which is unaccompanied by weight loss and identified as 
a melt by hot stage microscopy. This event has a AH f of 
approximately 7 J/g (slightly dependent on heating rate) 
which is approximately six times less than that associ- 
ated with Form A. The extent to which the crystallinity is is 
retained following dehydration is not known. Figure 9 
shows the DSC curve of the same material run at 3°C 
per minute to show the heating rate dependence of the 
thermal events. 

The IR spectrum of paclitaxel Form B is shown in 20 
Figure 1 0. Again, the mineral oil mull technique was used 
for sample preparation. Upon expansion of the high fre- 
quency region of the IR spectrum (Figure 11), differ- 
ences are noted in the absorption pattern of the B form. 
A broad underlying absorption band is seen indicating 25 
the presence of adventitious water. More importantly, two 
high frequency absorption bands are detected at 3553 
and 3655 cm~i . Due to the sharp, narrow bandwidth and 
high frequency of these two absorption bands, they are 
assigned as crystalline water O-H stretching frequen- 30 
cies. Due to the unique frequency of these two absorp- 
tion bands, they can be used as diagnostic peaks for the 
presence of the B form of paclitaxel. 

In Figure 12, the IR spectra of the B form prepared 
by the two sampling techniques are overlaid. Again, no 35 
differences are noted in the absorption frequencies 
between the two spectra indicating that the high pressure 
used to prepare the KBr pellet does not destroy the B 
form. 

These data indicate that paclitaxel Form B is a crys- 40 
talline hydrate (pseudopolymorph) that dehydrates over 
a temperature range of 90°C to 130°C below the appar- 
ent melting point of approximately 1 70°C. 

Crystalline paclitaxel has been reported in many 
places. However, to applicants knowledge, it is all 45 
reported as Form A. No one has reported any hydrated 
form. For example, Journaf of Natural Products. Vol. 47, 
No. 1. 1984, p 136; J. Pro. Chem.. Vol 46, No. 7, 1981, 
p. 1473; PCT publication WO 92/07842, p 19, published 
May 1 4, 1 992 ; and J. Am. Chem. Soc . 1 971 , 93, p. 2325 so 
report crystalline paclitaxel having melting points in the 
range of 205-208, 198-203, and 212-214, and 213- 
216°C, respectively, all pointing to Form A. 

In summary, paclitaxel exists in at least two stable 
crystalline forms under ambient conditions. Form A is a ss 
crystalline anhydrate (melting point = 2 1 4°C by hot stage 
microscopy, AH t « 41 J/g ) with a characteristic powder 
XRD pattern and IR spectrum. Form B is a crystalline 
hydrate (dehydration from ambient to approximately 



100°C followed by an apparent melting point * 168°C, 
AH f * 7 J/g) with a characteristically different powder 
XRD and I R spectrum from Form A. 

The present invention also provides a process for 
producing paclitaxel Form B which comprises adding an 
organic solution of Form A into water and crystallizing 
Form B, or contacting Form A with water. 

SPECIFIC EMBODIMENTS 

The following procedures are two representative 
preparations (but not limiting) for Form B cyrstalline sol- 
ids having a water content close to dihydrate. 

Example 1. 

Transfer paclitaxel solids (Form A, irregularly 
shaped crystals) to a Type I glass vial and add appropri- 
ate volume of Milli-Q water to give an ~ 20 mg/mL sus- 
pension (e.g. lg/50 mL). Briefly sonicate to disperse 
solids, then vigorously stir the suspension at room tem- 
perature (~ 23 °C) for - 72 hours. Collect the very fine 
hair/needle-like crystals by vacuum (house) filtration on 
a medium (10-20 micron) sintered glass filter and wash 
several times with water. The crystals are then dried at 
- 25°C using high vacuum for ~ 24 hours. Yield is sub- 
stantially quantitative. 

Example 2. 

Transfer paclitaxel solids (Form A, irregularly 
shaped crystals) to a Type I glass vial and add appropri- 
ate volume of ethyl alcohol (1 00%) to give an ~ 40 mg/mL 
solution (e.g. lg/25 mL). Sonicate and stir to obtain pale 
straw yellow-colored solution. Slowly add the paclitaxel 
solution dropwise to a 10-fold volume of vigorously stir- 
ring Milli-Q water (e.g. 250 mL) at room temperature (~ 
23 °C ), yielding a white suspension of very fine hair/hee- 
dle-like crystals. Continue stirring the suspension of 
crystals in a sealed glass container - 24 hours at ~ 23 
°C. Rrter the suspension using a medium (1 0-20 micron) 
sintered glass filter with house vacuum, and wash the 
crystalline solid cake several times with water. The crys- 
tals are then dried using high vacuum at ~ 23 °C for 24 
hours. Yield is >90%. 

Once Form B crystals are obtained, it is preferable 
to add them as seed crystals to enhance subsequent 
onset and rate of conversion from Form A to Form B, 
since in some instances conversion Form A to Form B 
may not be affected in the absence of seed crystals. 

Like paclitaxel Form A, Form B displays a significant 
inhibitory effect with regard to abnormal cell proliferation, 
and has therapeutic properties that make it possible to 
treat patients who have pathological conditions associ- 
ated with an abnormal cell proliferation, thus is useful in 
human and/or veterinary medicine. The pathological 
conditions include the abnormal cellular proliferation of 
malignant or non-malignant cells in various tissues 
and/or organs, including, non-limitatively, muscle, bone, 
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and/or conjunctive tissues; the skin, brain, lungs, and 
sexual organs; the lymphatic and/or renal system; mam- 
mary cells and/or blood cells; the liver, digestive system, 
and pancreas; and the thyroid and/or adrenal glands. 
These pathological conditions can also include psoria- 
sis; solid tumors; ovarian, breast, brain, prostate, colon, 
stomach, kidney, and/or testicular cancer; Kaposi's sar- 
coma; cholangiocarcinoma; choriocarcinoma; neurob- 
lastoma; Wilm's tumor; Hodgkin's disease; melanomas; 
multiple myelomas; chronic lymphocytic leukemias; and 
acute or chronic granulocytic lymphomas. Form B in 
accordance with the invention is particularly useful in the 
treatment of ovarian cancer. Thus, another aspect of the 
instant invention concerns a method for inhibiting human 
and/or other mammalian tumors which comprises 
administering to a tumor bearing host an antitumor effec- 
tive amount of paclitaxel Form B. 

Paclitaxel Form B of the present invention may be 
used in a manner similar to that of paclitaxel Form A; 
therefore, an oncologist skilled in the art of cancer treat- 
ment will be able to ascertain, without undue experimen- 
tation, an appropriate treatment protocol tor 
administering a compound of the present invention. The 
dosage, mode and schedule of administration for com- 
pounds of this invention are not particularly restricted, 
and will vary with the particular compound employed. 
Thus Form B of the present invention may be adminis- 
tered via any suitable route of administration, preferably 
parenteral^ as a suspension or in solution; the dosage 
may be, for exanple, in the range of about 1 to about 1 00 
mg/kg of body weight, or about 20 to about 500 mg/m2. 
The actual dose used will vary according to the particular 
composition formulated, the route of administration, and 
the particular site, host and type of tumor being treated. 
Many factors that modify the action of the drug will be 
taken into account in determining the dosage including 
age, weight, sex, diet and the physical condition of the 
patient. 

The present invention also provides pharmaceutical 
compositions (formulations) containing an antitumor 
effective amount of Form B in combination with one or 
more pharmaceutical^ acceptable carriers, exdpients, 
diluents or adjuvants. Examples Qf formulating Form A 
may be found in, for example, United States Patents Nos. 
4,960,790 and 4,814,470, and such examples may be 
followed to formulate Form B of this invention. For exam- 
ple, Form B invention may be formulated in the form of 
tablets, pills, powder mixtures, capsules, injectables, 
solutions, suspensions, suppositories, emulsions, dis- 
persions, food premix, and in other suitable forms. It may 
also be manufactured in the form of sterile solid compo- 
sitions, for example, freeze dried and, if desired, com- 
bined with other pharmaceutical^ acceptable exdpients. 
Such solid compositions can be reconstituted with sterile 
water, physiological saline, or a mixture of water and an 
organic solvent, such as propylene glycol, ethanol, and 
the like, or some other sterile injectable medium imme- 
diately before use for parenteral administration as a sus- 
pension (microdispersion) or in solution. 



Typical of pharmaceutical^ acceptable carriers are, 
for example, manitol, urea, dextrans, lactose, potato and 
maize starches, magnesium stearate, talc, vegetable 
oils, polyalkylene glycols, ethyl cellulose, poiy(vinylpyr- 

5 rolidone), calcium carbonate, ethyl oleate, isopropyl myr- 
istate, benzyl benzoate, sodium carbonate, gelatin, 
potassium carbonate, silidc acid. The pharmaceutical 
preparation may also contain nontoxic auxiliary sub- 
stances such as emulsifying, preserving, wetting agents, 

ro and the like as for example, sorbitan monolaurate, trieth- 
anolamine oleate, polyoxyethylene monostearate, glyc- 
eryl tripalmitate, dioctyl sodium sulfosucdnate. and the 
like. 

is Claims 

I . Paclitaxel hydrate containing about two to four moles 
of water. 

20 2. Paclitaxel hydrate containing about two moles of 
water. 

3. Paditaxel hydrate containing about four moles of 
water. 

25 

4. Paditaxel hydrate having water content of about 3.5- 
8.5%. 

5. Paditaxel hydrate having water content of about 3.5- 
30 4.0% 

6. Paclitaxel hydrate having water content of about 7.3- 
8.5% 

35 7. Paditaxel hydrate having substantially the same 
DSC curve as set out in Fig. 7. 

8. Paclitaxel hydrate having substantially the same X- 
ray diffractogram as set out in Fig 6 and substantially 

40 the same IR spectrum, in oil mull, as set out in Fig. 
10. 

9. Paditaxel hydrate having substantially the same X- 
ray diffractogram as set out in Fig 6, and substan- 

45 tially the same IR spectrum, in oil mull, as set out in 
Fig. 10, and substantially the same DSC curve as 
set out in Fig 7. 

10. A pharmaceutical composition comprising an effec- 
so tive antitumor amount of paditaxel hydrate having 

substantially the same X-ray diffractogram as set out 
in Fig 6 and substantially the same IR spectrum, in 
oil mull, as set out in Fig. 10, together with pharma- 
ceutical^ acceptable carrier or diluent. 

55 

I I. A pharmaceutical composition comprising an effec- 
tive antitumor amount of paditaxel hydrate having 
substantially the same X-ray diffractogram as set out 
in Rg 6, and substantially the same IR spectrum, in 
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oil mull, as set out in Fig. 10, and substantially the 
same DSC curve as set out in Fig 7, together with 
pharmaceutical^ acceptable carrier or diluent 

1 2. The use of a padrtaxei hydrate as defined in any one 
of claims 1 to 9 for preparing a pharmaceutical com- 
position for treating tumors. 
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